Evidence is presented suggesting, for the first time, that the protein foldability metric
metric σ was originally introduced by Camacho and Thirumalai [3] in the context of protein folding but, to our knowledge, its applicability had not yet been demonstrated in the context of RNA folding. We now describe in detail the methods and main results of this work and discuss their implications for the design of rapidly foldable RNA sequences. An RNA folding model described in [4] was used to perform MC folding simulations of selected tRNA sequences (see Table 1 ), at temperature T = 37 o C. The resulting folding trajectories and the MCHM [1] were used subsequently to compute thermodynamic quantities over a range of temperatures. In particular, the MCHM was used to compute the average overlap <O>, defined as the average Hamming distance from the RNA native structure, and the average compaction <C>, defined as the average number of all RNA base pairs, at temperatures The average compaction was found to have an inverse correlation with temperature, Figure 1a) . At low temperatures, there is a rapid collapse of the RNA chain into compact states. These compact states are relatively stable and less likely to dissociate, hence the high compaction observed at low temperatures. As the temperature rises, the stability of compact states decreases thereby increasing the likelihood of their dissociation. This explains the low compaction observed at high temperatures. On the other hand, the average overlap was found to correlate positively with temperature, 0 o ≤ T ≤ 100 o C (see Figure 1b) . [ Figure 1 ]
The folding of proteins is believed to occur in two stages. The first stage involves a rapid collapse of the extended protein chain into an ensemble of compact states [2, 3] .
This transition is characterized by the collapse temperature T θ . It is plausible that RNA sequences exhibit a similar folding behavior [6] . Therefore, assuming two-state kinetics, T θ should correspond to the temperature at which
, where is the maximum compaction obtained directly from folding trajectories. In the second stage, the ensemble of compact states is explored, followed by a transition from one of these compact states to the native state [2, 3] . 
The metric σ was shown previously [3] , in the context of protein folding, to correlate with the folding time f τ . To test the existence of this correlation in the context of RNA folding, f τ was determined for all studied tRNA sequences using simulations run at T = 37 o C. In Figure 2 , f τ is plotted against σ. Interestingly, there is a marked positive correlation between f τ and σ, suggesting that the protein foldability metric σ may be applicable also to RNA.
[ Figure 2 .]
RNA molecules play a variety of important functional roles in living cells (e.g., see
[7]), mediated by their attainment of specific tertiary structures. The secondary structure is the precursor to tertiary structure -it constitutes both a thermodynamic and a kinetic scaffold on which the tertiary structure is formed [8] . As a result, the thermodynamic and kinetic analysis of RNA secondary structure has been the subject of numerous recent studies (e.g., see [4, 8, 9] ). A better understanding of the thermodynamic and kinetic aspects of RNA secondary/tertiary structure will allow the efficient computational design of rapidly foldable RNA sequences having prescribed structural/functional properties [9, 10] . The ensemble of sequences thus designed could be used subsequently as substrates for in vitro selection, thereby decreasing the degree of uncertainty that is inherent in such in vitro selection experiments.
To assist the design of rapidly foldable RNA sequences, computational methods that allow systematic prediction of RNA foldability are highly desirable. A straight forward way to predict the foldability of a given RNA sequence is to determine the sequence's folding time f τ via simulation. Unfortunately, the native states of most RNA sequences may not be kinetically accessible within reasonable time scales [6] . Hence, for most RNA sequences, it may not be possible to measure f τ via simulation. The metric σ provides an efficient alternative to f τ , for measuring the foldability of a given RNA sequence since its computability depends only on the length, but not on the foldability, of the sequence under consideration. We briefly describe below how this metric can be applied, in silico, to design RNA sequences that fold rapidly into a desired target secondary structure.
A popular device for designing optimized RNA sequences, in silico, is the flow reactor (e.g., see [11] ). To design RNA sequences that fold rapidly into a target structure of size n, the following procedure can be performed: (1) A flow reactor is seeded with N randomly generated sequences of length n. 
in which is the Hamming distance between the parenthesized representations
and . A variant of equation (1) has been used previously [12] to investigate the 
